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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device having a 
high dielectric thin film exhibiting performance sufficient as the gate 
insulation film of a MOSFET or the capacitor insulation film of a DRAM, its 
manufacturing method and a film-forming method for a dielectric film. 
SOLUTION: The semiconductor device has such a multilayer structure that 
a gate electrode 5b of Si or SiGe is formed on a silicon substrate 1 through 
a dielectric film of three layer structure including a first dielectric film 3 of 
amorphous metal oxide, e.g. AI203, a second dielectric film 4 of crystalline 
oxide, e.g. Zr02 or Hf02, and a third dielectric film 6 of amorphous metal 
oxide, e.g. AI203. Since an amorphous metal oxide is interposed between an 
crystalline oxide and Si, the crystalline oxide can be formed with a uniform 
film thickness while suppressing the reaction of Zr and Si in a reducing 
atmosphere at the time of forming an electrode or in an impurity ion 
implanting process or a heat treating process thus avoiding an increase of 
leak current or lowering of capacity. 
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y^>y =F^(0^*^fflV^cS I S (Semiconductor 
Insulator Semiconductor) l^iaCO^r L 

[0 0 5 2] ^6l^fJ;5C *HJ£«fiJODRAM 
tt. *6»K8ds^Six^^y=^Sffii^^7^7^ 

so Ah03/Zr02 /A 1 2 03 CO^WigO^m^ 
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S3, 4, 6tm^tis mz*:<D±.m\atti&%>&m 

[0 0 5 3] ±l5«it^)DRAM^)®Sat*fetCO^-CIII 

— wftteDR am bmm<Dm&x*&>ztzito* tfow&mm 

sm&u ifinawasicit^L^y ^y aytK?^* 
[0 0 5 4] 0 7 (b) J; 5 fc* *<n±m 

{-> 0»J*.fiC VDftWii <9^««jS:«S*PUfe^y 

[0 0 5 5] JfciC, 17 (c) K*H-«fc5K, KfttrA 
LDMCSAL, 4 0 0tg««t« 

LTT»««i9aEffi^**S:ffii«*^ry5:«, WIBUfcJB 20 

2 (ommm t mmc* a i 2 o 3 (» 1 o^im 3 > 

S:2-20A, »*L<(i5-10A, Zr02 (S2 
0)RiM4) ^10-50A, AI2O3 (g|3CD^ 

SM6) «:Bf««>JWCW*»*-*-«. 

[0 0 5 6] ft£>, ISJH-^f^i: Ltli, AI2O3II 
A 1 (CH3) 3 t03 XfiH 2 0£r. Z r O2 «\ Z 
r C 1 4 £0 3 MH2 OSrJHl\ *i^3 0 OtlS^ 

«**fr-eriwrs. *fc, »io««M3t*6A 

I2O3 ttBHtO*S— MfftfttSfc^CALDtM 
■TSwi:jdS»*L^d^ Z r O2 Mf3 0ilM6 30 
tfcSA 1 2 O3 liALDjfcKPg^SJvr, iCVDft 

[0 0 5 7] 0 7 (d) fc«i-J: 5 fc, CVD 

»DRAM(Ddrt^>^^«^tl§ o 

[0 0 5 8] r<£><fc ^l^DRAM^^rf^ 0 
is?mmRXf*<DWi1kj7mc£tl^ Z r O2 A 
ttR«ffiRSr^fifci-5^gRL, AI2O3 m<D4¥&KVs 40 
Sfl«ftT«UlftU««lt2! LT»rtt5 r t id J: 0 . 
Zr0 2 4BW-e»*-r-6r £#-C#3£#U:. 

# y $/ y = va> & ft a -ha&ws 1 o HgawaaTcSHSc 

t y aA^«M{: J: o t z r 02 tfSEJS 

[0 0 5 9] ftjb\ ±EC0||J6flf»Jtt % *-r^>*(Z>_L» 
ii_b^mffi 1 0 XttTffl«« 9 O^ft < £ 1 — y 50 



TSMHS9fc:#y vy =i>^i^I^(:iiTSig9 
£Z r O2 tOBfldA 1 2 O3 (Sl©Rt*l3) £ 
*S^TZ r0 2 ftBWt?*Ri-5ri:^^ 

Ji_h^li® 1 0 Z r O 2 i: W^CA 1 2 O 3 

^m(*JS6) ^a^TZro 2 <t^y *>y 3 >t<n 

[0 0 6 0] *fc, 7!rS*3(OjOS«-Ctt, * 

f 0 fii*i: UA I2O3 SrflBi\ ISAttRttfflRj: 
LtZr0 2 Srffl^^Jido^riEttb^^, 

±tBjiifie»jjcpfi^$ttst(^-ettft<, ^jbmmtfj: 

LTA 1 2 O3 t£H f O2 , Z r O2 , L a 2 Os . Y 
2 O3 ftif*r«*PLfc**W«fl:*:ffli^rttT?#, 
SSttRtMi:ltHf02, Ti0 2 . Ta 
2 Os , B ST y»^y «)A^hpyf r^i,) ^ 
STO (^y^hnyf^) , PZT (v^3>- 

[0061] [^js#fj4] #ctc, *mw<Dm4<Dmmm 

Ttft0^i-6o ALD»R<7)«atS:*S:«Jf^-f- 

[0062] *&w<ommm&<nmm>wmte, mo s f 

*tf IWt lt» < a>oi&-i;L»fiM-* r. t 
k-tZ>i><DX&>Q, mc, T«ii:45Al2 Oa (» 

U ^(OJbiCMtSZ r O2 *©JBfittR«fl:|Rco 
K/PS:J£— {c-fSfci?)^ A*— X?W»i-*iMWs 
fct). t^tfeCgl^I^i A L 
DSSBSrfflV^Sr ^3fiS»*Ll^5 s ALDSIBT->y3 
>S«±i-A I2O3 i/SR^Si^fefcoT, v-y 3 v 

[0 0 6 3] ro^aWBWIjftatt, 4 0 O^JW 

±^Ba#H«^*aa3ftSfTt>ixs^^SEtL, a 1 2 o 3 

Ofig«fi3 0 otli-CiD, — «WftALD3SBS:ffl 

a«*4oot«Ji^±ifT**a^«!fa«:fi i v\ 

w&v>msL&z 0 oagstws^tsot^ 
e>fiiciR*tTt>ftttixtffte>ftv^ ^u^o- ii^ft^ 

[0 0 6 4] *^x*mMMXte, 18(1/^^:, 
S»Ail 3, KWiriffSoBISrrilK'f SS«?a 1 2. 
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[oo6 5] <e*5, ^mmaALDmm^^xmm 

[0 0 6 6] 

iim**^^ IT, Z r O2 *03ie*tt«Mb*/A 1 2 

Os ^co^ 0 s 0 K^M^{t:^o2iiltit. xia, a i 2 o 

3 «^»AMIKWZ r 02 *<&»4tt^fctt/ 20 
A 1 2 Os «^A«^^*0D3J|«Rft«:affii-2 

Sfc, Si0 2 M 

[0 0 6 7] fi* Ah03^Zr02 CDv— 

KJ1£ LT«< Zr0 2 ^HCRScS^t^r^ 

as-e#5a>e>-e&9, a 1 2 oa auK*'<y Tt 

-i~Z>Zk&X%Z>frbX$>Z> 0 30 

[0 0 6 8] jmtttMRfcAl 2 Oa #(D# H B B 

K&MSKfcife/Z r O2 »<o«*ttlMb4*/A I 2 o 3 

[0 0 6 9] Z r O2 CD±(^A 1 2 Os £; 

Rlt5:iiaot, ±m<Dtf}) is}) =<>XteS i G e 
(Of&mm^Z r 02 a*»S#H*KI*SHSOfcB&Jl: 

[oo7o] Hie, ^n^iKgmfnntoAiaiEB^ 

[0 0 7 1 ] -toaifi, *«f«©ALDSfm s 
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s r. £ {c j: o ranRia«3^*ft 5 »s-cs> o x t> 

[Hi] **M<0»l<0HlfefiflJtc:«SMOSFET(Dy 

- h»^»ies:«a;W{^-rwr®ia"e*>So 

[B2] *«W<^»l(7)||lifi0y{C«SMOSFET(Oy 

- h»0«afi*afeS:^i-XS»ffiia-C*>5o 

[0 3 ] *55W^>!S2CO*lfi^J^«SMOSFET(^y 

[14] 2 OHjieijl^ 5MOSFET(0^ 

- h»<ojaai*»*r^rxs»BBi'e*>s. 

[0 5] **W^2<Z)||Jfifl»J^«SMOSFET^y 
[0 6] *3SW<0^3(D^J6«y^«SDRAM<7)^r^^ 

^^ffl5<z>Kae*ft*^-t-XSWraaia-e*>5o 
[0 8] *«WOJK4©Sat«^««ALD*««>flia 

[0 9 ] «^)MO S F E T<Dff — h«fPO«ag«r«S:W 

[010] ffi*©MOSFET^ h^(5cO«^^m* 

m^-tm&mx&z> 0 

1 ^y=ySfi 

2 y— * • Ku>r v*« 

3 Ii^HtM (M2O3) 

4 I2«1M (Z r O2 ) 

5 a y- 

5 b Y—VWSk (S iXttS i Ge) 

6 m3<Dffimi$i\g: (AI203) 
7 

9 tir5®^ (#y->yay) 

I 0 ±umm y > y = » 

I I *5fijft&£^ 
1 2 

1 3 R»»AS 
l 4 

1 5 Kfotf*mX3fr 
1 6 Mfk?^ 

17 y 3 ^mitm 

18 A 1 2 Os 

19 Z r O2 
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